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[57] ABSTRACT 

An apparatus for minimizing the spillover signal from 
the transmitter to the receiver in a same frequency re- 
peater includes a mechanism for generating a receiver 
first injection signal carrying the modulation compo- 
nent of the transmitter signal, and a first mixer for mix- 
ing the received signals and the first injection signal to 
produce a first IF signal having one unmodulated IF 
component signal and another modulated IF compo- 
nent signal. A correlation and cancellation circuit is 
utilized to cancel the unmodulated IF component sig- 
nal. A mechanism is provided for generating a second 
injection signal which carries the modulation compo- 
nent of the transmitter signal. A second mixer mixes the 
first IF signal and the second injection signal to produce 
a second IF signal such that the modulation component 
of the spillover signal is substantially cancelled. Time 
synchronization mechanisms are preferably provided to 
adjust the phase of the modulation component of the 
transmitted signal as carried by the first and second 
injection signals such that it arrives at the first and sec- 
ond mixers in phase synchronization with the modula- 
tion component of the spillover signal. This invention 
also contemplates a method for canceling the modula- 
tion component of the spillover signal. 

17 Claims, 1 Drawing Figure 
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, difference of the two received signals to achieve an 

ISOLATION METHOD AND APPARATUS FOR A improved signal to noise ratio 

SAME FREQUENCY REPEATER A signal cancellation system is disclosed in U.S. Pat. 

« » „„„ . No - 3.696,429 wherein the undesired RF signal received 

BACKGROUND OF THE INVENTION 5 by a receiver from an nearby transmitter^ reduced. 

This invention relates to an apparatus and method for Where ^ e loca ^ transmitter is operating on the same 

mmimizing the effect of spillover from the transmitter frequency as the receiver, the transmitter is modulated 

to the receiver in a same frequency repeater. Spillover w a . tog signal m order 10 separate the undesired 

refers to a portion of the transmitter signal which is transn " tter from the received signal. Another 
undesirably coupled to the receiver 10 eMm P le of a cancellation system requiring a tag to be 

A same frequency repeater "SFR" consists of a re- ™ °°?^7 ^ transmitter » ^closed in U.S. Pat. 

ceiver for receiving a signal at a given frequency and a 4,317,217. 

transmitter for rebroadcasting the received signal at the SUMMARY OF THE INVENTION 

same frequency. An SFR can be advantageously em- t « n,» ■ 

ployed in a communication system to conserve the fre- " ove ? fr^T TT".? *° ""i™ ^ s P iU - 

quencies or channels required since the SFR reuses the •« n^T*"" 61 * reCe,ver m a SFR ' 

frequency of the received signal by re"oadcS *e SESE?** ^ ^ problem 

received information on the ib« fkSS^Sw "^FT* of the trans- 

tra«t * i * uwiucnuy. oy con mitter output signal which is coupled to the receiver bv 

trast, a conventional repeater receives a signal at a given 20 the spillover signal V 

frequency and rebroadcasts the recovered information An embodiment of the present invention includes a 

t\^tL T ^r nCV ' El6CtriCal iSOlati0n . betWCen CifCUit meanS C0UDled to * e «dv«r^ss; 

the transmitter and receiver in a conventional repeater cancelling the information carried by the spillover sig 

is more easily attained due to the difference in transmit nal without cancelling the information carried by the 

M ^r^ qUen T • 25 desired reCCived W signal interfer- 

Isolation between the ; receiver and transmitter of an ence with the information by the desired signal is mini- 

5rK at least equal to the gam of the repeater is required mized. 

in order to prevent osculation which could result from The cancelling circuit means includes a sampling 

feedback of the transmitted signal into the receiver, that means for producing a sampled signal having an ampli- 

is, the spillover. Since an SFR may have a gain of a 100 30 tude and phase proportional to the transmitter output 

db or greater, isolation becomes an important consider- signal. A means is provided for generating a first re- 

ati °?" . injection signal derived from the sampled signal 

The reception of a first voice encoded signal and a so that it contains the modulation component of the 
second feedback signal encoded with the same voice transmitter signal. A first mixer receives inputs of the 
information delayed in time by 100 microseconds or 35 first injection signal and the received signal, and pro- 
more with respect to the first signal will produce distor- duces . a f | rst & signal. A correlation and cancellation 
tion: Because the spillover signal from the transmitter of circuit minimizes the carrier frequency component of 
the SFR is time delayed with respect to the received tne first IF signal. A means is provided for generating a 
signal, it constitutes a feedback signal which can pro- second injection signal derived from the sampled signal, 
duce distortion. Thus, it is desirable to niimmize the 40 A scco ^ nuxer receives the first IF signal and the 
spillover from the transmitter to the receiver of the seo < md injection signal as inputs, and generates a second 
voice signal carried by the transmitted signal. ^ signal. The first and second injection signals are time 
^_ delayed to be in time synchronization with the other 
PRIOR ART input to the first and second mixers, respectively. 

Various types of apparatus have been utilized in an 4 * The first IF signal con tains a frequency component 
attempt to niimmize an interfering or undesired signal °io dulate d by the desired signal and the spillover signal, 
having the same frequency as the desired signal In U S second injection signal carries the modulation corn- 
Pat. Nos. 3,938,153; 3,938,154 and 3,978,483 correlation r^nentof the transmitter output signal delayed in time 
and cancellation circuits commonly referred to as C 2 s * c n that it is in phase with the modulation component 
circuits are employed in a radar system to cancel signals 50 °I the * Dlllove r *8P*l. The modulation component of 
received by side lobes of the primary antenna These • spdlover signal carried by the first IF signal is mixed 
radar systems address the problem of cancellation of Wt 5 m j ection si S^ t0 generate a difference 
low level signals by the use of a plurality of antennas P Ct doeS not carry a Hoover modulation 

United Kingdom patent application GB 2,065 421 « ^^f* ^ cancellation of the information car- 
published June 24, 1981, discloses an SFR in which Slft^ ™ ^ * SeCOnd W 
unwanted feedback between the transmitter aerial and ^ uun ^ s mterfer f nce ^tween information 
the receiver aerial is cancelled. The received signals are k^hI^ * e J " ^ ** d formation carried 
converted to base band (audio frequency) signals and V ^ SlgnaL 
processed by correlation and phase quadrature circuits 60 BRIEF DESCRIPTION OF THE DRAWINGS 
to achieve cancellation of the unwanted transmitter mr: i ; e «>ki~ u j- -« 

feedback signal. In U.S. Pat No. 4,134,068, a non-S" of ™ SSfiT" ^ " emb0diment 

rocal junction device provides isolation between the invention, 

transmitter signal and the receiver signal in an SFR DETAILED DESCRIPTION 

where a common antenna is utilized « tu* „ — c 

U S Pat No -K 7T7 trTic VT* r 65 ^ same fre quency repeater 10 Ulustrated in FIG. 1 
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the receiver of the SFR. A typical received signal will 
carry encoded information, such as a voice signal, 
which is recovered by the receiver as audio. A transmit- 
ter 14 having the same frequency as that of the received 
signal is encoded or modulated with the received audio 5 
and transmits the encoded signal by transmitting an- 
tenna 16. Even though conventional techniques are 
employed to achieve isolation between the transmitting 
antenna 16 and the receiving antenna 12, the receiving 
antenna and hence the receiver is subjected to a substan- 10 
tial level of the transmitted signal referred to as spill- 
over or blow-by. The illustrative embodiment of this 
invention provides an apparatus for providing substan- 
tial cancellation of the carrier frequency component of 
the spillover signal as well as the voice modulated com-. 15 
ponents of the spillover signal. 

The desired received signal and the spillover signal 
are passed through bandpass filter 18 and applied to 
mixer 20 as input 22. The other input to mixer 20 con- 
sists of a receiver first injection signal 24 which is de- 20 
rived as follows. A portion of the transmitted signal is 
sampled by a samplying means 26, such as a directional 
coupler, that supplies a sampled signal having an ampli- 
tude and phase proportional to the transmitted signal as 
an input to mixer 28. The other input to mixer 28 is 25 
supplied by local oscillator 30. Bandpass filter 32 is 
tuned to pass the sum of the frequencies of the sampled 
signal and the local oscillator. Bandpass filters 18 and 32 
preferably track, that is, have the same time delay. The 
output from bandpass filter 32, after being time delayed 30 
by adjustable time delay 34, comprises the receiver first : 
injection 24. The time interval of delay circuit 34 is 
selected such that the first injection signal 24 as derived 
from the sampled transmitter signal arrives at mixer 20 
at the same time (in phase with) the spillover signal 35 
applied to mixer 20 at input 22. The delay circuit 34 
compensates for the propagation delay of the spillover 
signal from transmitting antenna 16 to receiving an- 
tenna 12 and processing delays. Bandpass fdter 36 is 
tuned to select the difference frequency product from 40 
mixer 20. The output 38 of bandpass filter 36 is applied 
to a correlation and cancellation circuit 40. 

Correlation and cancellation circuit 40 functions as a 
tracking notch filter to provide a substantial level of 
cancellation of the carrier frequency component of the 45 
spillover signal as carried by the receiver first interme- 
diate frequency (IF) 38. A summation circuit 42 re- 
ceives the IF 38 as one input and adds a derived cancel- 
lation signal 44 to provide an output to splitter 46 which 
splits the input signal to provide output signals 48 and 50 
50. Another splitter 52 receives output 50 and splits this 
signal into components 54 and 56. A mixer 58 generates 
the difference product between input 54 and the other 
input which is the output of first local oscillator 30. The 
output of mixer 58 is integrated by integration circuit 60 55 
and applied to a weighting circuit 62 which controls the 
amplitude of signal 63 derived from first injection oscil- 
lator 30. The weighting circuit 62 may be a conven- 
tional type such as a circuit utilizing a pin diode to 
control attenuation. 60 

The cancellation signal 44 consists of the signal 63 of 
weighting circuit 62 summed with the signal 65 of 
weighting circuit 64. It will be apparent from FIG. 1 
that weighting circuit 64, integration circuit 66 and 
mixer 68 provide a complementary function to 65 
weighting circuit 62, integration circuit 60 and mixer 
58, respectively. Phase shifting (time delaying) circuit 
72 shifts the output signal of oscillator 30 by 90 degrees. 



Similarly, the input to weighting circuit 64 from oscilla- 
tor 30 is shifted by 90 degrees. The outputs 63 and 65 of 
the weighting circuits represent orthogonal vectors 
whose amplitude can be controlled to produce a resul- 
tant vector (cancellation signal 44) being equal in ampli- 
tude but opposite in phase to the carrier frequency com- 
ponent of the spillover signal carried by IF 38. Thus, 
the correlation and cancellation circuit 40 substantially 
reduces the magnitude of the carrier frequency compo- 
nent of the spillover signal at the first intermediate fre- 
quency. 

The output 48 of the correlation and cancellation 
circuit 40 provides one input to mixer 74. The other 
input 76 to mixer 74 is derived as follows. Bandpass 
filter 78 is tuned to select the difference frequency prod- 
uct from mixer 80 having as inputs a signal generated by 
local oscillator 82 and the sampled signal of the trans- 
mitter output as delayed by time delay circuit 84. The 
time interval of delay circuit 84 is selected to achieve 
the same results as that of time delay circuit 34, that is, 
to provide a second injection signal 76 which is in phase 
or time synchronization with the other input signal 48 
applied to mixer 74. Bandpass filter 86 is tuned to pass 
the difference frequency product 88 from the output of 
mixer 74 to IF amplifier 90. 

An important aspect of the present invention is that 
the modulation component or audio of the spillover 
signal carried by first IF signal 48 has been substantially 
cancelled at second IF signal 88 as a result of the deriva- 
tion of the receiver rejection signals 24 and 76, and the 
mixing products generated by mixers 20 and 74. In the 
illustrative embodiment, the modulation component 
carried by the first injection signal 24 is in phase with 
the modulation component of the received spillover 
signal at mixer 20. The IF signal 48 from circuit 40 
contains modulation components of the spillover signal 
and the desired received signal. The second injection 
signal 76 carries a modulation component of the trans- 
mitter signal delayed to be in phase with the modulation 
component of the spillover signal carried by IF signal 
48. Thus by selecting the difference product from mixer 
74 the spillover modulation component is cancelled. A 
more complete understanding of the cancellation of the 
audio component of the spillover signal is provided by 
the mathemathical analysis provided below. 

The local oscillators, from which injection signals for 
the receiver are derived, are also utilized to control the 
frequency of transmitter 14. The IF signal at amplifier 
90 is mixed by mixer 92 with the output of local oscilla- 
tor 82 and the sum frequency selected by bandpass filter 
94. The output of bandpass filter 94 is mixed with the 
output frequency of oscillator 30 by mixer 96. The sum 
of these frequencies is passed by bandpass filter 98 and 
applied to transmitter 14. It will be apparent to those 
skilled in the art that the transmitter must operate at a 
frequency equal to that of the received signal since the 
receiver injection oscillators are utilized to derive the 
transmitter frequency. 

An audio recovery circuit 100 is utilized to recover 
the audio from the output of IF amplifier 90. This audio 
is utilized to modulate transmitter 14 so that the trans- 
mitter will carry the same encoded information. 

In the following mathematical analysis of the cancel- 
lation accomplished by the present invention, each 
mathemathical expression is identified by a primed num- 
ber and represents a signal referenced in FIG. 1 by the 
corresponding number. The receiver input signals are 
represented by: 
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apparent to one skilled in the art in light of this disclo- 
A cos (w/+4> ff )+fl cos (wt+M 22' 8ure tnat Q b can b e cancelled either by selecting the 

difference product of mixer 74 if the inputs carry <f>& in 
where the first term corresponds to the desired received phase or by selecting the sum product of mixer 74 if the 
signal having a frequency of w and carrying an FM 5 • m carry ^ m a 18Q . ^ re i ationsh i p . 
encoded voice signal K and where the second term ^ desired modulation component is recovered by a 
represents the spillover signal also having a frequency myeatioa ^ audio rec0 very circuit 100 which may 
of w and carrying modulation inlormation as ^ The of a discriminator for ' reco> 

fenng a frequency or 

first receiver injection signal is represented as: phase modulated signal. 

Ccos[(w+wi)/+(>ftl 24' 10 The method utilized in the present invention includes 

the step of generating a first receiver injection signal 
where the frequency of local oscillator 30 is wi. The derived from a sampled transmitter output signal, such 
output of mixer 20 as filtered by bandpass filter 36 is *at the injection signal includes the modulation compo- 
represented as: nent of the transmitter signal delayed to be in phase 

15 with spillover signal. This injection signal is mixed with 
(bc/2) cos w\t+{AC/i) cos (*i' 38' the input receiver signals which consist of the desired 

signal and the undesired spillover signal resulting in a 
which represents the difference product of 22' and 24'. first unmodulated frequency component and a second 
The first term in 38' corresponds to the carrier fre- frequency component which carries the undesired and 
quency component of the spillover signal at the IF 20 ^ desired modulation components. The unmodulated 
having an amplitude proportional to that of the spill- frequency component is cancelled by means of a corre- 
over signal, that is, B. htion and cancellation circuit leaving only the second 

The purpose of the correlation and cancellation cir- frequency component carrying the desired and unde- 
cmt 40 is to provide a ^ sired modulation components. The second receiver 

result in the cancellation of the first term in 38'. The 25 injection ^ is derived utilizing a sampled signal of 
cancellation signal 44 may be represented as: the transmitter output signal, such that the second injec- 

KD MS w - 44 , tion signal carries the modulation component of the 

transmitter delayed to have a phase angle X according 
wherein D represents the input magnitude of local oscil- 30 to X=Y +(N) 180# where Y is the phase angle of the 
lator 30 and K represents a weighting factor controlled undesired modulation component carried by the first IF 
by a weighting circuits 62 and 64. The output of sum- "glial and N is an integer. The second receiver injection 
ming circuit 42 after being split by splitter 46 maybe signal is mixed with the first receiver IF signal and the 
represented as: mixing product selected to produce a second IF signal 

35 in which the undesired modulation is cancelled leaving 
[{BC-KWl] cos wit+(AC/2) cos (H»i/+^-*a) 48' only the desired modulation component. 

It is important that the undesired modulation compo- 
which is derived by subtracting term 44' from 38'. The nent of the spillover signal be substantially cancelled or 
correlation and cancellation circuit 40 controls the reduced in amplitude to prevent distortion from occur- 
weighting factor K such thai K=BC/D. By substitut- ^ ring due to the presence of the feedback signal, 
ing the equivalent of Kin 48', it will be apparent that the Although a preferred embodiment of the present 
first term becomes zero; 48' may be expressed as: invention has been described above and illustrated in 

the drawing, the scope of the present invention is de- 
{AC/i)<xx(w lt +4> b -4>a) 48" fined by the claims appended hereto. 

Therefore, the output from the correlation and cancel- J^w** * S c ^ me ^ , 

, . ' , ft " . . . * . , r * 1. In a same frequency repeater having a receiver for 

lation circuit 40 as represented by 48 consists of a term . • j ■ % A - 

X „ r. IT / \ ■ 7Z JL a j j , *T receiving a desired signal at a given frequency and a 

at the first IF (wi) including the desired modulation t™^;*^.- fx- „♦ 

information and the undesired spillover modulation transm ^ tter for '^^"f f" ™* ut ^ f at *? d 
information A given frequency, the desired signal having a first modu- 

The second receiver injection signal 76 is represented 50 laU ° n ^ W^.canyii«.«^ ^formation and the 
as , uij^uuu wftuo* fwiaicpicacmcu output Slgna i haying a second modulation component 

carrying said information, input signals to the receiver 
Ecos Kw-w2)/+4»fc] . . . 76 ' including said desired signal and a spillover signal con- 

sisting of said output signal delayed in time, the im- 
wherein W2 is the frequency of local oscillator 82 and 55 Pavement comprising: 

the undesired modulation component ^is derived from a - first receiver means for generating an IF signal 
the sampled transmitter signal. The difference output of carrying said first modulation component and the 

mixer 74 (76'-48") after being filtered by bandpass modulation component of said spillover signal; 

filter 86 is represented as: D - second receiver means for generating an injection 

60 signal carrying said second modulation component; 
(4CE/4) cos [(w-H^-wOr+^d 88' c. third receiver means for controlling the phase of 

one of said second modulation component carried 
wherein w— W2- W1 equals the second IF. It will be by said injection signal and said modulation corn- 

noted that the undesired modulation term 4>b is not ponent of the spillover signal carried by said IF 

present in 88' indicating that same has been cancelled. 65 signal relative to the other according to 
Thus, the signal at 88 is represented by cosine function X==Y+(N) 180° where X is the phase angle of said 

having a frequency of the second IF which carries the one, Y is the phase angle of said other, and N is an 

desired modulation component <J>c> Of course, it will be integer; and 
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d. fourth receiver means for mixing said IF signal and 
said injection signal to produce a resultant signal in 
which said one substantially cancels said other 
whereby the modulation component of the spill- 
over signal is substantially cancelled from said 5 
resultant signal. 

2. The improvement according to claim 1 wherein 
said second generating means includes means for sam- 
pling said output signal of the transmitter. 

3. The improvement according to claim 1 wherein 10 
said third means comprises a time delay circuit for de- 
laying said one modulation component 

4. In a same frequency repeater having a receiver for 
receiving a desired signal at a given frequency and a 
transmitter for transmitting an output signal at said IS 
given frequency, the desired signal having a first modu- 
lation component carrying certain information and the 
output signal having a second modulation component 
carrying said information, input signals to the receiver 
including said desired signal and a spillover signal con- 20 
sisting of said output signal delayed in time, , the im- 
provement comprising; 

a. means for generating a receiver first injection sig- 
nal carrying said second modulation component 
delayed in time to be in phase with said spillover 25 
signal; 

b. first mixing means for mixing said receiver input 
signals and said, first injection signal to produce a 
first IF signal having one IF component signal 
which does not carry said first modulation compo- 30 
nent nor said, second modulation component, and 
another IF component signal which carries said 
first modulation component and the modulation 
component of the spillover signal; 

c. means for substantially cancelling said one IF com- 35 
ponent signal; 

d. means for generating a second injection signal 
carrying said second modulation component de- 
layed in time; to have a phase angle X wherein 
X=Y+(N) 180% where Y is the phase angle of the 40 
modulation component of the spillover signal car- 
ried by said another IF component signal and N is 
an integer; and 

e. second mixing means for mixing said another IF 
component signal, and said second injection signal 45 
to produce a second tF signal in which the modula- 
tion component of said spillover signal is substan- 
tially cancelled and in which said first modulation 
component of said desired signal is present 

5. The improvement according to claim 4 wherein 50 
said first injection generating means includes a first time 
synchronization means for controlling the arrival of 
said first injection signal at said ifirst mixing means so 
that said second modulation component carried by the 
first injection signal arrives in phase at the first mixing 55 
means with the modulation component of the spillover 
signal. 

6. The improvement according to claim 5 wherein 
said first time synchronization means comprises an ad- 
justable time delay circuit coupled to said first injection 60 
generating means for delaying said second modulation 
component carried by said first injection signal. 

7. The improvement according to claim 4 wherein 
said cancelling means comprises a correlation and can- 
cellation circuit. . 65 

8. The improvement according to claim 4 wherein 
said second injection generating means includes a time 
synchronization means for controlling the phase of said 



second modulation component carried by the second 
injection signal relative to the modulation component of 
the spillover signal carried by the first IF signal. 

9. The improvement according to claim 8 wherein 
said time synchronization means comprises a time delay 
circuit coupled to said second injection generating 
means for delaying said second modulation component 
carried by said second injection signal. 

10. The improvement according to claim 4 wherein 
said first injection generating means comprises a first 
local oscillator, means for sampling the output signal of 
said transmitter, and a third mixing means for mixing a 
signal from the first local oscillator and a sample signal 
from the sampling means. 

11. The invention according to claim 10 further com- 
prising a bandpass filter means coupled to said third 
mixing means for selecting the resulting summation 
product from the third mixing means. 

12. The improvement according to claim 4 wherein 
said second injection generating means comprises a 
local oscillator, means for sampling the output signal of 
said transmitter, and a third mixing means for mixing a 
signal from said second local oscillator and a sample 
signal from said sampling means. 

13. The improvement according to claim 12 further 
comprising a bandpass filter means coupled to said third 
mixer means for selecting the resultant difference out- 
put product of said fourth mixing means. 

14. A method for substantially cancelling the modula- 
tion component of the spillover signal received by the 
receiver in a same frequency repeater (SFR) from the 
transmitter in the SFR, said method comprising the 
steps of: 

a. generating a receiver first injection signal carrying 
the modulation component of the transmitter sig- 
nal; 

b. mixing the received signal and said first injection 
signal to produce a first IF signal having one IF 
signal which does not carry the modulation com- 
ponent of the spillover signal nor the modulation 
component of a desired received signal, and an- 

. other IF signal which carries the modulation com- 
ponent of the spillover signal and the modulation 
component of the desired received signal; 

c. substantially cancelling said one IF signal; 

d. generating a receiver second injection signal carry- 
ing the modulation component of the transmitter 
signal; and 

e. mixing said another IF signal and said second injec- 
tion signal to produce a receiver second IF signal 
in which said modulation component of said spill- 
over signal is substantially cancelled and in which 
said modulation component of the desired signal is 
present 

15. The method according to claim 14 further com- 
prising the step of synchronizing the first injection sig- 
nal with the received spillover signal so that the modu- 
lation component of the transmitter signal arrives at a 
first mixer in phase with the modulation component of 
the spillover signal. 

16. The method according to claim 14 further com- 
prising the step of synchronizing the second injection 
signal with the first IF signal such that the modulation 
component of the transmitter signal has a phase angle X 
according to X=Y+(N) 180° where Y is the phase 
angle of the spillover modulation component carried by 
the IF signal, and N is an integer. 
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17. A method for substantially cancelling the modula- 
tion component of the spillover signal received by the 
receiver in a same frequency repeater (SFR) from the 
transmitter in the SFR, wherein said receiver receives a 5 
desired signal having a first modulation component and 
the transmitter transmits an output signal having a sec- 
ond modulation component, the spillover signal consist- 
ing of said output signal delayed in time, said method 10 
comprising the steps of: 
a. generating a receiver IF signal carrying said first 
modulation component and the modulation com- 
ponent of said spillover signal; 15 



243 

10 

b. generating a receiver injection signal carrying said 
second modulation component; 

c. controlling the phase of one of said second modula- 
tion component carried by said injection signal and 
said modulation component of the spillover signal 
carried by said IF signal relative to the other ac- 
cording to X=Y+(N) 180° where X is the phase 
angle of said one, Y is the phase angle of said other, 
and N is an integer; and 

d. mixing said IF signal and said injection signal to 
produce a resultant signal in which said one sub- 
stantially cancels said other whereby the modula- 
tion component of the spillover signal is cancelled 
from said resulting signal. 

***** 
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